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ABSTRACT 


A  test  was  conducted  in  the  Propulsion  Wind  Tunnel,  Supersonic 
(16S),  to  determine  deployment  characteristics  and  aerodynamic  per¬ 
formance  of  Supersonic  X  parachutes  having  geometric  porosities  of 
13.4,  26.0,  and  59.  2  percent.  Deployments  were  made  from  a 
cylindrical  forebody  having  a  flared  aft  section  at  free -stream  Mach 
numbers  of  2.  1  and  4.  0  at  a  nominal  free -stream  dynamic  pressure  of 
80  psf.  All  of  the  parachutes  tested  failed  shortly  after  deployment, 
and  no  data  were  obtained  at  Mach  numbers  other  than  the  deployment 
Mach  numbers. 
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Ni 
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Average  drag  coefficient  of  parachute  based  on  design 
projected  canopy  area,  drag  force/q^Sp 

Mean  parachute  drag  coefficient  value  of  each  cell  in 
the  statistical  analysis  program,  drag  force/ q^Sp 
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SECTION  I 
INTRODUCTION 


Supersonic  aerodynamic  decelerators  are  scheduled  for  rocket- 
powered  free-flight  and  captive  sled  development  tests  by  the  National 
Aeronautics  and  Space  Administration  (NASA),  Langley  Research 
Center  and  the  AFFDL,  respectively,  to  determine  optimum  deceler- 
ator  configurations  for  specific  decelerator  system  application.  Prior 
knowledge  of  the  effect  of  various  decelerator  design  parameters  on  the 
performance  characteristics  of  various  decelerator  types  would  pro¬ 
vide  the  data  necessary  to  limit  the  selection  of  decelerators  to  be 
investigated  in  free-flight  and  captive  sled  development  tests.  The 
effect  of  various  design  parameters  on  the  performance  characteristics 
of  three  types  of  decelerators  will  be  investigated  in  a  three-phase  test 
program  conducted  in  Tunnel  16S  of  the  Propulsion  Wind  Tunnel  Facility 
at  Mach  numbers  from  2. 0  to  4.  5,  The  purpose  of  Phase  I  tests,  re¬ 
ported  herein,  was  to  determine  deployment  characteristics  and  aero¬ 
dynamic  performance  of  Supersonic  X  parachutes  having  geometric 
porosities  of  13.4,  26.0,  and  59.2  percent.  The  parachutes  were 
deployed  at  Mach  numbers  of  2. 1  and  4.0  at  a  nominal  free -stream 
dynamic  pressure  of  80  psf.  The  purpose  of  Phase  II  tests  will  be  to 
determine  performance  characteristics  of  Disc-Gap-Band  parachutes 
and  towed  ballutes.  The  purpose  of  Phase  HI  tests  will  be  to  determine 
performance  characteristics  of  attached  inflatable  decelerators. 


SECTION  II 
APPARATUS 


2.1  TEST  FACILITY 

Tunnel  16S  is  a  closed -circuit,  continuous  flow  wind  tunnel  that 
presently  can  be  operated  at  Mach  numbers  from  1.  70  to  4.  75.  The 
tunnel  can  be  operated  over  a  stagnation  pressure  range  from  200  to 
approximately  2300  psfa.  The  test  section  stagnation  temperature 
can  be  controlled  through  the  range  of  100  to  approximately  6208F. 

The  tunnel  specific  humidity  is  controlled  by  removing  tunnel  air  and 
supplying  conditioned  makeup  air  from  an  atmospheric  dryer. 

A  sketch  showing  the  model  location  and  strut  support  arrangement 
in  Tunnel  16S  is  presented  in  Fig.  1,  Appendix  I.  A  more  complete 
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description  of  the  wind  tunnel  and  its  operating  characteristics  is  con¬ 
tained  in  the  Test  Facilities  Handbook.  1 


2.2  TEST  ARTICLES 

2.2.1  Model  Forebody  and  Deployment  System 

The  parachutes  tested  during  this  investigation  were  deployed  from 
a  strut -mounted  cylindrical  forebody  having  a  flared  aft  section.  Dimen¬ 
sions  of  the  forebody  are  presented  in  Fig.  2,  and  a  wind  tunnel  installa¬ 
tion  photograph  of  the  model  is  shown  in  Fig.  3. 

The  parachute  pack  was  placed  in  the  forebody  stowage  compartment 
against  a  spring-loaded  plate.  Four  restraining  straps,  connected  to¬ 
gether  by  a  release  pin,  were  used  to  hold  the  parachute  pack  against  the 
spring-loaded  plate.  The  parachute  riser  line  was  affixed  to  the  fore¬ 
body  through  a  swivel  and  load  cell  arrangement.  A  shear  pin,  designed 
to  protect  the  load  cell,  connected  the  riser  line  to  the  swivel.  The 
purpose  of  the  swivel  was  to  prevent  twisting  of  the  parachute  suspension 
lines.  A  sketch  showing  the  model  forebody  details  and  the  attachment 
of  the  riser  line  to  the  forebody  is  presented  in  Fig.  4,  and  a  photograph 
of  the  forebody  with  a  stowed  parachute  pack  is  shown  in  Fig.  5.  Also 
shown  in  Fig.  5  is  the  pyrotechnic  release  pin  mechanism  that  was  used 
to  initiate  parachute  deployment. 


2.2.2  Parachute  Details 

A  dimensioned  sketch  of  the  Supersonic  X  parachute  is  presented  in 
Fig.  6,  and  the  cloth  gore  dimensions  of  the  Supersonic  X-2,  X-3,  and 
X-4  parachutes  tested  are  presented  in  Fig.  7  in  tabular  form.  The 
parachutes  were  constructed  of  a  relatively  nonporous  cloth  with  a  single 
exit  opening  that  controlled  the  airflow  through  the  canopy.  The  para¬ 
chutes  had  a  maximum  projected  diameter  of  3.  5  ft  and  were  located 
9.428  ft  aft  of  the  forebody  base  plane.  The  geometric  porosities,  based 
on  the  canopy  entrance  and  exit  areas,  of  the  Supersonic  X-2,  X-3,  and 
X-4  parachutes  were  13.4,  26.0  and  59.2  percent,  respectively. 


^Test  Facilities  Handbook  (7th  Edition).  "Propulsion  Wind  Tunnel 
Facility,  Vol.  5.  "  Arnold  Engineering  Development  Center,  July  1968. 


2 


AE  DC-TR-69-8 


2.3  INSTRUMENTATION 

A  5000-lbf  capacity,  double -element  load  cell,  installed  in  the  model 
forebody,  was  used  to  measure  the  drag  force  of  the  parachutes  within 
an  accuracy  of  ±10f.  Four  motion- picture  cameras  and  two  television 
cameras,  installed  in  the  test  section  walls,  were  used  to  document  and 
monitor  the  test. 

The  outputs  from  the  load  cell  were  digitized  and  code  punched  on 
paper  tape  for  on-line  data  reduction  and  were  recorded  on  magnetic 
tape  by  a  high-speed  digital  recording  system  at  a  sampling  rate  of 
1000  per  second  for  off-line  data  reduction.  These  outputs  were  also 
continuously  recorded  on  direct -writing  and  film  pack  oscillographs  for 
monitoring  parachute  drag  dynamics. 


SECTION  III 
PROCEDURE 


The  parachute  pack,  which  consisted  of  a  parachute  enclosed  in  a 
deployment  bag,  was  packed  in  the  forebody  stowage  compartment 
before  wind  tunnel  test  operation  was  initiated.  Once  the  prescribed 
test  conditions  were  established,  a  countdown  procedure  was  used  to 
sequence  data  acquisition  during  parachute  deployment.  The  deploy¬ 
ment  procedure  consisted  of  activating  the  recording  oscillographs, 
test  section  cameras,  and  the  high-speed  digital  recording  system, 
followed  by  firing  a  pyrotechnic  squib  in  the  release  pin  mechanism. 
Upon  completion  of  the  parachute  deployment  sequence,  steady-state 
drag  loads  were  calculated  by  averaging  the  analog  outputs  from  the 
load  cell  over  1-sec  intervals.  Drag  distribution  parameters,  such 
as  average  drag  coefficient,  standard  deviation,  skewness,  and  kur- 
tosis,  of  the  dynamic  drag  data  recorded  by  the  high-speed  digital 
recording  system  were  calculated  by  using  a  statistical  analysis  pro¬ 
gram  (Appendix  II). 

One  Supersonic  X-2  parachute,  one  Supersonic  X-3  parachute,  and 
two  Supersonic  X-4  parachutes  were  tested.  The  Supersonic  X-2  and 
X-3  parachutes  were  deployed  at  Mach  number  4. 0,  and  the  Supersonic 
X-4  parachutes  were  deployed  at  Mach  number  2. 1,  at  a  nominal  free- 
stream  dynamic  pressure  of  80  psf.  The  model  forebody  angle  of  attack 
and  angle  of  sideslip  were  zero  deg  at  all  test  conditions. 
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SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  PARACHUTE  DYNAMIC  CHARACTERISTICS 

Drag -time  history  traces  of  the  parachute  deployments  are  presented 
in  Fig.  8.  Analysis  of  the  motion  picture  films  of  each  parachute  deploy¬ 
ment  sequence  showed  that  the  canopies  of  the  Supersonic  X-2  and  X-3 
parachutes  were  not  fully  inflated  at  the  deployment  Mach  number  of  4.  0 
and  that  the  canopies  of  the  Supersonic  X-4  parachutes  were  poorly  in¬ 
flated  at  the  deployment  Mach  number  of  2. 1.  Pulsing  of  the  parachute 
canopy  was  observed  for  all  of  the  parachutes,  and  the  average  pulse  rate 
for  all  parachutes  over  an  8-sec  interval  was  approximately  4.  5  pulses 
per  second.  All  of  the  parachutes  exhibited  negligible  translational 
motion,  and  the  canopy  rotation  rate,  although  sporadic  for  each  para¬ 
chute,  varied  from  0  to  approximately  60  rpm.  All  of  the  parachutes 
tested  failed  shortly  after  deployment,  and  no  data  were  obtained  at 
Mach  numbers  other  than  the  deployment  Mach  number  test  conditions. 

The  dynamic  drag  characteristics  of  each  parachute  tested  were 
determined  from  a  statistical  analysis  program  (Appendix  II).  Dynamic 
drag  coefficient,  distribution  plots  for  each  parachute  at  the  deployment 
Mach  number  test  condition  are  presented  in  Fig.  9.  Drag  distribution 
parameters,  average  drag  coefficient,  standard  deviation,  skewness,  and 
kurtosis,  are  tabulated  on  each  plot.  Also  shown  on  each  plot  is  the 
95-percent  confidence  level  interval  calculated  from  the  values  of  the 
drag  distribution  parameters.  This  interval  can  be  interpreted  as  repre¬ 
senting  a  qualitative  measurement  of  the  parachute  drag  dynamics  at  a 
95-percent  confidence  level.  Each  of  these  plots  summarizes  the  informa¬ 
tion  obtained  from  approximately  16,000  data  samples  for  each  parachute 
tested.  In  general,  these  plots  show  that  a  drag  coefficient  value  less 
than  the  average  drag  coefficient  value  occurred  most  often.  A  summary 
of  the  parachute  dynamic  statistical  analysis  results  is  presented  in 
Table  I  (Appendix  III). 


4.2  PARACHUTE  STEADY-STATE  PERFORMANCE 

The  variation  of  parachute  average  drag  coefficient  with  free- stream 
Mach  number  is  shown  in  Fig.  10.  The  data  presented  in  Fig.  10  were 
obtained  by  averaging  the  analog  output  of  the  load  cell  over  1-sec  inter¬ 
vals,  and  these  data  agree  with  the  average  drag  coefficient  values  deter¬ 
mined  from  the  statistical  analysis  program  (Table  I).  As  shown  in 
Fig.  10,  the  drag  coefficients  of  the  Supersonic  X-2  and  X-3  parachutes 


4 


AEDC-TR-69-8 


are  in  dose  agreement  even  though  the  geometric  porosity  of  the  Super 
sonic  X-3  parachute  was  94  percent  greater  than  that  of  the  Supersonic 
X-2  parachute.  The  drag  coefficient  values  of  the  two  Supersonic  X-4 
parachutes  agree  well,  which  is  indicative  of  good  data  repeatability 
at  Mach  number  2.1. 


SECTION  V 

CONCLUDING  REMARKS 


Tests  were  conducted  to  determine  deployment  characteristics  and 
aerodynamic  performance  of  Supersonic  X-2,  X-3,  and  X-4  parachutes 
having  geometric  porosities  of  13.4,  26.0,  and  59.2  percent,  respec¬ 
tively.  One  Supersonic  X-2  parachute,  one  Supersonic  X-3  parachute, 
and  two  Supersonic  X-4  parachutes  were  tested.  The  Supersonic  X-2 
and  X-3  parachutes  were  deployed  at  Mach  number  4.  0,  and  the  Super¬ 
sonic  X-4  parachutes  were  deployed  at  Mach  number  2. 1  at  a  nominal 
free-stream  dynamic  pressure  of  80  psf. 

All  parachutes  failed  shortly  after  deployment,  and  no  data  were 
obtained  at  Mach  numbers  other  than  the  deployment  Mach  numbers. 

All  of  the  parachutes  exhibited  sporadic  pulsing  of  the  canopy  and  had 
negligible  translational  motion.  The  canopies  of  the  Supersonic  X-2 
and  X-3  parachutes  were  not  fully  inflated  at  the  deployment  Mach  num¬ 
ber  of  4.  0,  and  the  canopies  of  the  Supersonic  X-4  parachutes  were 
poorly  inflated  at  the  deployment  Mach  number  of  2. 1. 
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I.  ILLUSTRATIONS 

II.  STATISTICAL  ANALYSIS  PROGRAM 

III.  TABLE 


NOTE: 


ALL  MODEL  AND  TUNNEL 
STATIONS  ARE  IN  FEET 


Fig.  1  Model  Location  in  Test  Section 
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Fig.  3  Installation  of  Model  Forebody  in  Test  Section 
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to 


1.  MODEL  FOREBODY 

2.  LOAD  CELL  (5000-lb  CARACITY) 

3.  MODEL  SUPPORT  STRUT 

4.  FLEXIBLE  STEEL  CABLE  (l/4-in.  DIAM) 

5.  CABLE -SWIVEL  GUIDE 

6.  SWIVEL 

7.  DEPLOYMENT  SPRING 

8.  DEPLOYMENT  CONTAINER 

9.  NYLON  RISER  LINE 
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Fig.  4  Sketch  of  Model  Forebody  Showing  Load  Cell  Installation 


A  E  DC-TR-69-8 


A  E  DC-T  R  -69-8 


AEDC-TR-69-1 


TIME,  HC 


b.  Supersonic  X-3  Parachute,  Msa  =  4.0 
Fig.  8  Parachute  Deployment  Characteristics 


TIME,  tec 


NORMALIZED  FREQUENCY,  N|  /(Nj  ) MAX. 


cDp  o- 

0.2796  0.1603 


SKEWNESS  KURTOSIS 
0.6987  3.0102 


(Nj)MAX.  N 
700  15763 


CDp=  0.2796  (95%  CONFIDENCE  LEVEL) 


a.  Supersonic  X-2  Parachute,  M*,  =  4.0 
Fig.  9  Distribution  Plots  of  Parachute  Drag  Coefficient 
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NORMALIZED  FREQUENCY,  N|/(Nj)MAx 


N 

15637 


C()p  CT  SKEWNESS  KURTOSIS  ( Ni ) MAX . 

0.2681  0.14  19  0.5289  2.6701  616 


Cop  -0.2681  (95%  CONFIDENCE  LEVEL) 


NORMALIZED  DRAG  DISTRIBUTION ,  (CDpi -CDp  )/<7 


b.  Supersonic  X-.3  Parachute,  Mm  =  4.0 
Fig.  9  Continued 
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NORMALIZED  FREQUENCY,  N;  /(N  f  >MAX. 


C|)p  <T  SKEWNESS  KURTOSIS  ( N j ) MAX  N 

0.3644  0.1232  0.5690  3.1756  912  '  15819 


Cop=  0.3644 Iq  IS?  05%  CONFIDENCE  LEVEL) 


e.  Supersonic  X-4  Parachute,  Mm  ■=  2.1 
Fig.  9  Continued 
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NORMALIZED  FREQUENCY,  Nj /(N  j )  MAX> 


CQp  O' 

0.3721  0.1316 


N 

160  1 1 


SKEWNESS  KURTOSIS  (N|  )MAX. 
0.5991  3. 1113  840 


+  0  2939 

C0p=  0.3721. o  gSeo  05%  CONFIDENCE  LEVEL) 


d.  Backup  Supersonic  X-4  Parachute,  =  2.1 
Fig.  9  Concluded 
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DRAG  COEFFICIENT,  CDp 


O  SUPERSONIC  X  -  2 

□  SUPERSONIC  X  -  3 

O  SUPERSONIC  X  -  4 

DARK  SYMBOL  =  BACK-UP  SUPERSONIC  X-4  PARACHUTE 


Fig.  10  Variation  of  Parachuto  Drag  Coefficient  with  Mach  Number 
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APPENDIX  II 

STATISTICAL  ANALYSIS  PROGRAM 


A  statistical  program  was  used  to  analyze  the  parachute  dynamic 
drag  data  recorded  by  a  high-speed  digital  recording  system  at  a  sam¬ 
pling  rate  of  1000  per  second.  In  general,  the  statistical  program 
permitted  a  qualitative  evaluation  to  be  made  of  the  dynamic  drag  char¬ 
acteristics  of  each  parachute  tested  during  this  investigation.  The  first 
four  "central  moments"  -  average  drag  coefficient,  standard  deviation, 
skewness,  and  kurtosis  -  were  determined  from  each  group  of  data 
samples  obtained  for  each  parachute  tested,  and  these  values  were 
inspected  for  conformity  to  a  normal  (or  Gaussian)  distribution  for  the 
purpose  of  determining  confidence  levels.  The  significance  of  each 
central  moment  (or  distribution  parameters  as  they  are  referred  to  in 
this  report)  and  the  computer  program  written  to  obtain  these  param-- 
eters  are  briefly  discussed. 


DRAG  DISTRIBUTION  PARAMETERS 


Average  Drag  Coefficient  (CdJ1 

The  average  value  of  a  finite  number  of  observations  is  the  most 
probable  value  of  the  quantity.  Expressed  mathematically  in  terms  of 
drag  coefficient: 


where 


Cdp  "  T  £  NiC°pi 
1=1 

CDpi  =  cDpi'  CDp2* . Cr)pn  =  mean  drag  coefficient 

value  of  each  cell 

Nj  =  Ni,  N2, . Nn  =  number  of  drag  coefficient 

values  of  each  cell 

N  =  +  N2  + . +Nn  =  total  number  of  samples. 


Standard  Deviation  (a) 


The  standard  deviation  is  the  root -mean-square  deviation  of  the 
mean  drag  coefficient  value  of  each  cell  from  the  average  drag  coef¬ 
ficient  value.  Expressed  mathematically. 
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Skewness  (V/3 1 ) 

Skewness  is  a  measure  of  the  asymmetry  of  a  distribution.  The 
distribution  is  said  to  be  positively  or  negatively  skewed  depending  on 
whether  the  distribution  extends  to. the  right  or  left  of  the  average 
drag  coefficient  value,  respectively.  Expressed  mathematically  and 
normalized  with  respect  to  standard  deviation, 

^  -  utr  £  «»,.  -  cD,y 

1=1 

Kurtesis  (fa) 


Kurtosis  is  a  measure  of  the  peakedness  of  the  distribution. 
Expressed  mathematically  and  normalized  with  respect  to  standard 
deviation, 

A  -  57  iN*(c».i  -  c°.>‘ 

The  average  drag  coefficient  and  standard  deviation  are  the  most 
significant  parameters  of  a  distribution  of  data,  whereas  both  skew¬ 
ness  and  kurtosis  are  important  in  that  they  indicate  how  well  an  actual 
distribution  conforms  to  a  normal  distribution.  For  a  normal  distribu¬ 
tion,  skewness  is  zero  and  kurtosis  has  a  value  of  three.  If  kurtosis 
for  an  actual  distribution  is  greater  than  three,  the  distribution  is  more 
peaked  than  a  normal  distribution,  and  if  kurtosis  is  less  than  three, 
the  distribution  is  less  peaked  than  a  normal  distribution. 

The  standard  deviation  for  a  normal  distribution  uniquely  defines 
the  percentage  of  all  data  that  fall  between  specified  confidence  levels. 
For  example,  68.  27,  95.45,  and  99.  73  percent  of  all  data  will  fall 
between  ±la,  ±2 a,  and  ±3a,  respectively,  if  the  distribution  is  a  normal 
distribution.  For  an  actual  distribution  use  of  the  Pearson  distribution 
approximation2,  which  is  a  function  of  skewness  and  kurtosis,  permits 


2Hahn,  Gerald  J.  and  Shapiro,  Samuel  S.  Statistical  Models  in 
Engineering,  John  Wiley  and  Sons,  Iric. ,  New  York,  1967. 
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an  evaluation  to  be  made  of  the  percentage  of  all  data  that  fall  between 
specified  confidence  levels.  For  this  investigation,  the  Pearson  dis¬ 
tribution  approximation  was  used  because  the.  distribution  of  parachute 
dynamic  drag  data  did  not  conform  to  a  normal  distribution  with  suf¬ 
ficient  accuracy  to  justify  the  use  of  the  confidence  levels  inherent  for 
a  normal  distribution. 

The  most  significant  portion  of  the  computer  program  that  was 
written  to  obtain  the  distribution  parameters- -of  the  parachute  dynamic 
drag  data  was  the  procedure  followed  for  grouping' the  data  into  a 
finite  number  of  cells  that  covered  the  range  of  drag  coefficient  values 
recorded  by  the  high-speed  digital  recording  system.  Each  cell  was 
assigned  a  given  range  of  drag  coefficient  values  and  a  mean  drag  coef¬ 
ficient  value  that  was  the  average  of  that  range.  All  cells  were  of  equal 
span,  and  a  total  of  50  cells  with  appropriate  cell  boundaries  was  ade¬ 
quate  for  defining  the  distribution  density  plots  presented  in  this  report. 
The  distributions  density  plots  presented  in  this  report  represent  the 
information  obtained  from  approximately  16,000  data  samples  for  each 
parachute  tested. 


* 


TABLE  I 

SUMMARY  OF  PARACHUTE  STATISTICAL  ANALYSIS  RESULTS 


Parachute 

M 

OO 

% 

£ 

Skewness 

Kurtosis 

N 

95-percent 
Confidence  Interval 

^D  ^min  ^CD  ^max 
P  P 

X-2 

4.0 

0.2796 

0. 1603 

0.6987 

3.0102 

15763 

0.0495 

0.6446 

X-3 

4.0 

0.2681 

0. 1419 

0 . 5289 

2.6701 

15637 

0.0525 

0.5771 

X-4 

2.1 

0 . 3644 

0. 1232 

0.5690 

3.1756 

15819 

0.1643 

0.6377 

Backup  X-4 

2.  1 

0.3721 

0. 1316 

0.5991 

3. 1113 

16011 

0.1641 

0.6660 
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